Paragonimiasis is an important food-borne parasitic zoonosis caused by trematodes of genus Paragonimus. We report case series of paragonimiasis with common symptoms of cough with blood tinged sputum, shortness of breath, chest pain with occasional fever, eosinophilia and radiological findings mimicking pulmonary tuberculosis and had taken anti-tubercular drug despite all investigation negative for tuberculosis without improvement. They all had common history of consumption of raw/undercooked crab. There is a local belief in remote villages of Nepal that eating raw crab helps in healing bone fracture and cure jaundice. Microscopic examination of sputum sample revealed the ova of Paragonimus species. All patients were treated with praziquantel and got improved. Pulmonary paragonimiasis is endemic in Southeast Asia including Nepal. So, it has to be differentiated from pulmonary tuberculosis in the patient with symptoms of cough, chest pain and hemoptysis with eosinophilia and having history of consumption of raw/undercooked crabs or crayfish.
INTRODUCTION
Paragonimiasis is a parasitic infestation caused by genus Paragonimus which mimicks pulmonary tuberculosis and requires differentiation from the same in tuberculosis endemic country [1] [2] [3] [4] . Paragonimiasis has been recognized as an important cause of pulmonary disease worldwide especially in Asia, West-Central Africa, and Central and South America [3] . On initial presentation, the signs and symptoms most commonly mimic pulmonary tuberculosis or lung cancer with haemoptysis, pleural effusion and peripheral blood eosinophilia [3] . In the areas where people eat undercooked crab/crayfish, this disease should be considered as the differential diagnosis to avoid anti-tubercular treatment for non-tubercular conditions [3, 4] . We report case series of paragonimiasis with common history of consumption of raw/undercooked crab. There is a local belief in remote villages of Nepal that eating raw crab helps in healing bone fracture and cure jaundice. They take crab as traditional medicine to cure many diseases and had consumed raw (minced) crab due to these beliefs.
CASE PRESENTATION

Case 1
A 25-year-old female from Syanja district was admitted in our hospital with shortness of breath. She had complain of chest pain, cough with production of blood tinged sputum. Her CT scan showed small pneumothorax and peripheral blood smear revealed eosinophilia (41%). She had the history of consumption of raw crab for rapid healing of her fractured bone.
Case 2
Second was a 32-year-old male from Gulmi district who had suffered since 2 years, done all investigation including bone marrow examination, visited different hospitals of Nepal from Gulmi-Palpa-Butwal-Bharatpur and finally to Tribhuvan University Teaching Hospital (TUTH) at Kathmandu. He had history of consumption of raw (minced) crab for the cure of his jaundice and he said his jaundice was improved by eating raw crab. After few months, he developed chest pain and cough with production of blood tinged sputum for which he was investigated and diagnosed clinically as pulmonary tuberculosis with polyserositis hypereosnophilia syndrome [eosinophilia (36%)]. He had taken anti-tubercular drug despite all investigations negative for tuberculosis due his sign and symptoms. His bone marrow examination revealed hypercellular bone marrow with eosinophilia.
Case 3
A 10-year-old child, son of our second case also had history of consumption of raw (minced) crab for the cure of his jaundice as advised by his grandmother who presented with complain of cough with blood tinged sputum, shortness of breath, chest pain and occasional fever. His chest X-ray revealed pleural and pericardial effusion ( Fig. 1 ) mimicking pulmonary tuberculosis and was on anti-tubercular drug despite all investigations negative for tuberculosis for 5 months without improvement. Peripheral blood smear examination revealed eosinophilia (46%).
Case 4
A 22-year-old male presented with hemoptysis and chest pain with history of consumption of undercooked crab. His chest x-ray revealed homogenous opacity in the right middle and lower lobe (Fig. 2) . CT scan revealed partial collapse with consolidation of right middle lobe with free fluid in right pleural cavity and enhancing thickening of pleura suggestive of empyema thoracic (Fig. 3) . He was evaluated for tuberculosis and lung cancer. Peripheral blood smears examination revealed eosinophilia (71%) and cytopathology smear examination of pleural fluid showed few mesothelial cells, macrophages with numerous neutrophils and eosinophil.
INVESTIGATION AND OUTCOMES
On the background of history of consumption of raw crab, clinical symptoms and eosinophilia, microscopic examination of sputum sample in all cases were done which revealed oval, yellowish-brown eggs with a flattened operculum resting on shoulders (Figs 4-7) with the measurement of 75-85 μm in length by 45-55 μm in width (Fig. 8 ). Six and three consecutive sputum sample were examined in cases 3 and 4, respectively, to detect the characteristic ova of Paragonimus species whereas first sample was enough for the detection of the ova of the parasite in cases 1 and 2. The size of the detected ova was measured using cell sensation software version 1.12 for DP73 camera installed to the Olympus BX53 microscope used for the microscopy. On the basis of characteristic egg morphology and its measurement, ova of Paragonimus species was diagnosed. Diagnosis was further confirmed by Centres for Disease Control and Prevention (CDC), Atlanta Georgia, USA as ova of Paragonimus species. All patient were treated with praziquantel 25 mg per kg of body weight three times daily for three days and they got improved. Only first and third cases required another course of praziquantel. Follow up examination after one month revealed resolution of their symptoms, radiological findings and normal eosinophil count with no ova of Paragonimus species in their sputum sample.
DISCUSSION
Paragonimiasis is an important food-borne parasitic zoonosis caused by one or more of the trematode species of the genus Paragonimus [1, 2] . Paragonimiasis is a disease which is frequently misdiagnosed as pulmonary tuberculosis usually when patient present with hemoptysis especially in the endemic region where both disease coexist [3, 4] . It is estimated that 22.8 million people worldwide are at a risk of paragonimiasis, with 195 million people in China [4] . Most cases of paragonimiasis occur throughout eastern (China, Japan, Philippines, South Korea and Taiwan), southeastern (Laos, Thailand and Vietnam), and southwestern (China) Asia and are caused by Paragonimus westermani [5] .
The parasites utilize two intermediate hosts and a definitive hosts like wild mammals and humans to complete its life cycle. First intermediate hosts are the fresh water molluscan species and the second intermediate hosts are the fresh water crab species [6] . Life cycle begins with the production and passage of fertilized, operculate eggs from sexually competent adult trematodes that reside within the lungs of definitive mammalian host. The eggs are expectorated and either expelled or swallowed and passed in the faeces. The eggs in fresh or brackish water eventually hatch and release a ciliated miracidium which invades the first intermediate host (snail) [7] . Parasite develops in snail to form cercaria which leaves the snail and invade the second intermediate host (crustaceans). Cercaria develops into infective stage called metacercaria [4, 5] . Definitive hosts like humans get infected by consumption of raw, undercooked, or alcohol-pickled fresh water crabs or crayfish harbouring the viable metacercaria (infective stage) of Paragonimus species [5] . In definite hosts, the metacercaria excyst in the duodenum and migrate to the lungs to mature into adult worms that produce eggs. The unembronated eggs erode the bronchial wall and lead to cough and sputum production laden with eggs or if swallowed pass through stool [8, 9] . Thus, the life cycle continues. A definitive diagnosis of paragonimiasis can be made by finding characteristic golden brown, ellipsoidal or oval operculated Paragonimus ova in the clinical specimens such as sputum, aspirated fluids and faeces by microscopy but it is difficult to make a diagnosis of paragonimiasis by microscopy. Although, the presence of ova in expectorated sputum is specific, the sensitivity of this test is low (28-38%) and repeated sputum sample examinations may increase the sensitivity of the test [4, 10] . Stool examination is also insensitive and the ova are not usually found in pleural fluid [4, 11] . Serological testing for antiparagonimus antibody by enzyme-linked immunosorbent assay (ELISA) has a sensitivity of 100% and a specificity of 91-100% [12] . It is a useful test for establishing the diagnosis of paragonimaisis. However, it is not available in Nepal [4] . Eosinophilia in peripheral blood smear is a supporting evidence [6] . Parziquantel at a dose of 75 mg/kg/day for 3 days is the drug of choice for paragonimiasis. However, another course of praziquantel is required in patients with unsatisfactory responses, persistent symptoms, or pulmonary involvement [13] . Clinically, paragonimiasis may be broadly classified into pulmonary, extra-pulmonary and pleuropulmonary forms [7] . Pulmonary paragonimiasis is the commonest clinical form of paragonimiasis occurring in 76-90% of cases [14] . Major clinical symptoms include chest pain, difficult breathing and coughing up rusty brown or blood-stained sputum or recurrent haemoptysis which mimics the pulmonary tuberculosis. So, pulmonary paragonimiasis has to be differentiated from pulmonary tuberculosis.
CONCLUSION
Pulmonary paragonimiasis is endemic in Southeast Asia including Nepal. However, it is not frequently reported from Nepal. In most of the cases, it is misdiagnosed as pulmonary tuberculosis and leads to long term anti-tubercular treatment while paragonimiasis could be treated by 3 days course of praziquantel. So patient with symptoms of cough, chest pain and hemoptysis with eosinophilia should be ruled out for paragonimiasis by examine the clinical samples directly under the microscope or by serological testing of antiparagonimus antibody by ELISA.
